This paper investigates the integration of the credit default swap (CDS) markets of 38 developed and emerging countries with the US market during the subprime crisis period by utilising dynamic conditional correlation from the multivariate GARCH model. Evidence reveals that the Lehman shock seems to have strengthened the integration, in particular, for developed markets. For both developed and emerging markets, declining US interest rates are found to be the main driving factor behind the higher level of correlation, suggesting that the CDS markets were heavily driven by the world largest economy when the crisis reached its peak.
Introduction
The credit default swap (CDS) is a widely traded credit derivative, functioning as an insurance contract for a bondholder, which allows investors to buy protection against a risk of default by corporate or a sovereign entity, referred to as the reference entity. CDS spreads are the annual cost, expressed in basis points against the face value of the bond.
It is widely viewed that CDS spreads directly reflect the market's assessment of credit market risk (Longstaff et al 2007) , hence the ratings-based assessment of risk has been, in effect, substituted with the use of credit derivatives.
It is argued that CDS spreads are surprisingly highly correlated, and are generally more related to global risk premia and capital flows, implying susceptibility to global financial conditions. The default risk has been transmitted into the CDS, and the market for CDS attracted considerable concern from regulators after a number of large scale Following Lehman's failure in September 2008, the US subprime crisis was transmitted quickly around the world, triggering the global recession. It seems that the developed economies were infected more deeply than emerging economies. This contrasts with the view, which was prevalent before the crisis, that the emerging markets were insulated from adverse shocks from the rest of the world.
2 This is empirically investigated by Dooley and Hutchison (2009) , who analysed the spillover effect of the US subprime crisis on sovereign CDS spreads of emerging markets. Based on the regression analysis of changes to CDS spreads on a series of events and announcements, which are associated with US subprime crisis, they conclude that the emerging markets were somewhat insulated from the subprime crisis before the Lehman shock in 2008, but were infected by the deteriorating situation of the US financial system after the Lehman crisis.
In this paper, we investigate the extent to which CDS markets across countries have become integrated with the US market during the US subprime crisis period from 2007 to 2009. Our analysis is based on the weekly data of 38 sovereign CDS spreads including both developed and emerging markets. Such a relatively large sample set enables us to rigorously scrutinise whether the Lehman shock has strengthened the 4 linkage with the US market amongst the developed markets and whether it has yielded some turning point in the integration for emerging markets.
Our objective in this study is two-fold. Firstly, we explore the dynamic comovement of the CDS spreads between the US and other countries, for which we utilise the dynamic conditional correlation (DCC) derived from the multivariate GARCH model (Engle 2002) 3 . This represents a significant methodological novelty from the early study of Dooley and Hutchison (2009) hence it is of great interest to explore through which channels the linkage of the credit markets is enhanced. To this end, two key variables of domestic stock returns and interest rates, which are frequently cited in literature as determinants of CDS spreads, are specified together with the US stock returns and interest rates as the common factors for the two sets of panel data: one for developed markets and the other for emerging markets.
Given the unprecedented largest corporate failure in September 2008, we conduct a closer inspection of the potential shift between the pre-and post-Lehman collapse period 4 .
It is argued that sovereign credit risk may affect the ability to access global debt markets as well as the risk premiums payable to obtain capital. Since sovereign CDSs function as insurance contracts against the event that a sovereign nation defaults on its debt, sovereign CDS spreads directly reflect the market's assessment of a country's credit risk. Hence, understanding the market integration that may be induced by the spillover effect of the US debt market into other markets during the crisis period, would serve to provide useful policy implications for a nation's debt management. Note, also, that the nature of sovereign credit risk determines the characteristics of returns in sovereign debt markets, and therefore affects the diversification of risk in global debt portfolios held by investors. In this respect, this study may offer a valuable insight into the direction for global portfolio management, since the increase (decrease) of market integration would diminish (enhance) the benefits of risk diversification of international financial portfolios. 4 In March, 2008, we also witnessed the near collapse of Bear Sterns, which sent a shockwave around global financial markets. Yet, the scale of the impact was smaller, and its distinctive features were less apparent than with the Lehman crisis. Also, due to relatively small observations between March 2008 and September 2008 with weekly data, we do not pursue the shift arising from Bear Sterns' failure.
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These are important issues, in particular, for emerging markets, in which demand for new capital is high, and in which a sizable foreign investment is in place.
Our empirical results reveal that DCC is much higher in developed markets than in emerging markets, yet a higher level of the correlation after the collapse of Lehman
Brothers is observed for most countries. Further, it is found that for both developed and emerging markets, the increase in DCC is attributable to the adverse movement of domestic stock returns. However, the most interesting aspect of our findings is that the level of DCC increases more with the common factor of declining US interest rates in the post-Lehman crisis period. This implies that integration between developed and emerging markets is also perceptible during the US subprime crisis.
The rest of the paper is organized as follows. Sections 2 and 3 describe the DCC-GARCH model and the data, respectively. The DCC results are shown in Section 4.
Section 5 investigates the driving forces of DCC in a linear framework. The conclusion is found in Section 6.
Modelling time-varying conditional correlations
The bivariate GARCH model with dynamic conditional correlation (DCC) specification 
A typical element of t C has the form of
, which is the key element in this methodology, as it represents the conditional correlation between US and non-US CDS spreads. [ Table 1 around here] Table 1 provides the descriptive statistics for the 38 sovereign bond CDS spreads, together with the unconditional correlations with the US CDS spreads. The sample is split into two groups of developed and emerging economies based on MSCI market classification 7 , and the latter is further regionally segmented into four areas of New EU, 5 We initially started with 47 CDS markets, of which 9 markets failed to reach the convergence, so we removed them for the further analysis. 6 The correlation between the five-year and seven-year CDS is 0.998, and the mean values are 30.99 and 32.29 respectively during the period from December 2007 to November 2009, in which the five-year CDS data are available. Hence, rather than starting the sample period from December 2007 based on the fiveyear CDS data availability, which does not cover the onset of crisis, we start January 2007 using the sevenyear CDS data. We argue that judging from the almost perfect correlation between the two maturities of CDS, the difference in the degree of transmission of shocks into either the five-year or seven-year CDS spreads would be very marginal. Also, the main purpose of this paper is to measure the financial integration from the aspect of CDS markets, not to measure the correlation of the specific maturity of CDSs across countries, hence the use of the U.S. seven-year CDS as a proxy to the five-year CDS may be permissible. We note, however, that this caveat needs to be born in mind in interpreting the empirical result. 7 There are potentially specific features in some emerging markets as compared with developed markets as mentioned in footnote 2, for example, financial markets can be sluggish or government debts and foreign borrowings can be restricted in the post-financial reform period (Dooley and Hutchison 2009 ). This may be reflected as a different spillover effect of the US market on emerging markets from that on developed markets, and we may not observe a similar market integration with the US between developed and emerging markets,. Hence, we have split the sample countries into the two groups. Pakistan (PK) at 1,024 basis points.
Data description
Column 6 in Table 1 Stationarity in the time series is checked by applying the Augmented Dickey
Fuller (ADF) test, see the last two columns in Table 1 . The test results suggest that it fails to reject the null of a unit root in the level of CDS series, but overwhelmingly rejects the null for the first difference of the series. Therefore, the differenced series of CDS are used in the DCC-GARCH model.
Estimation and Results
[ Table 2 around here] where the serial correlation is significant for the standardized and squared residuals, respectively.
These statistical results indicate that, in general, the data set fit the model specification very well in most of the cases. Therefore, the derived DCC series can provide a reasonable inference on the evolution of correlations over time.
[ Figure 1 and It implies that the Lehman shock contributed to the integration of the CDS markets amongst advanced economies. In the case of the new EU markets, DCC tends to exhibit a similarity of movement over the whole sample period. This applies to other emerging market regions, as well. This is statistically verified by computing the two mean correlations of DCC between developed and emerging markets. We find that the mean correlation of DCC amongst developed markets has increased from 0.18 before the Lehman shock to 0.39 after the shock, whereas that for all the emerging markets remains 12 to be similar with 0.57 and 0.54 respectively. It is also noteworthy that the fluctuation of the DCC intensifies for many of these emerging markets in the post-Lehman period, which is not so for the developed markets. 
The determinants of CDS market integration
Having found the time varying correlation of the CDS spreads, we now examine the driving factors behind the increased correlation in a linear framework for the two sets of panel data: one is for developed markets and the other is for emerging markets. We focus on the two key variables of stock returns and interest rates, which are empirically and theoretically found to be the important determinants of the debt default (e.g. close to the excess of the yield on an N-year bond over the risk-free rate, since a portfolio consisting of a CDS and a bond with certain degree of risk is very similar to a risk-free bond. Henceforth, an increase in the risk-free interest rate should have a negative relationship with the CDS spreads. Low interest rates are, indeed, often observed during periods of recession, when the default probability is likely to be high 10 . Hence, the interest rates may exert some impact on DCC.
Note also that the changes in CDS spreads are found to be attributable to the lagged CDS, for example, in Byström (2005) (6) is that the determinants of CDS applied to the investigation of CDS market integration, since the dependent variable is the dynamic conditional correlation between US and non-US CDS markets. If we find significant coefficients, this would shed some light on our understanding of market integration and serve to 12 The unit root tests are conducted for the panel data based on Maddala and Wu (1999), Levin et al. (2002) and Im et al. (2003) . The interest rates are found to be non-stationary over the sample period, hence, first differenced. 13 The unrestricted model with the whole sample period and the restricted model with the subsample of the pre-Lehman period are applied to all markets, developed markets and emerging markets, respectively based on equation (6) The estimated coefficients are shown in Table 4 . The results are robust in a way that we have obtained a remarkably similar result with either the fixed effect or the random effect in terms of the size and statistical significance of the coefficients.
[ Table 4 around here]
The lagged dependent variables are shown to be statistically highly significant, indicating a strong persistence in the dynamic correlation. It is noteworthy that the size of the significant coefficients between developed and emerging markets is remarkably similar that the persistence is equally strong in both markets. For other significant coefficients, the magnitude is also similar between developed and emerging markets, which indicate that these CDS markets are equally affected by the same determinants.
The Lehman bankruptcy in September 2008 generated a direct financial shock worldwide, as it was largely unanticipated. Given statistically significant coefficients on dummies, it is evident that the shock is also felt on the conditional correlation, which appears to confirm a regime shift in the market integration.
15 Swap rates are highly liquid and are not constrained in short sales and tax regulations (Hull et al. 2004 ).
See also Blanco et al. (2003) for the use of swap rates.
The sensitivity of DCC to domestic stock returns became significant with the Lehman shock. Given a negative sign on dum*e t-1 , it may suggest that as domestic stock markets are dampened, the non-US CDS markets become more integrated with the US market. An increase in US interest rates raises the level of DCC before the shock, but declining interest rates accelerate the integration after the shock. The latter is consistent with experience, in that historically low interest rates were observed at the peak of recession in the post-Lehman period, whilst the high probability of default was prevalent in the US economy. Given the relatively large size of the coefficient at around -0.3 on as compared with that of dum*e t-1 , the effect of the external variable seems to exceed that of the internal variable. This is endorsed by looking at the standardised coefficients noted in Table 4 , where, in all markets, exhibits at 3.79, whereas dum*e t-1 shows at 0.22 16 . It appears that the sovereign CDS markets were heavily driven by the world's largest economy when the crisis reached its peak. Given the nature of sovereign credit spreads, which are likely to be highly correlated amongst themselves, and are closely related to common global factors, our results are intuitively plausible.
Conclusions
16 Both variables are, in effect, rates of return; one with stock prices and the other with risk free assets, albeit the latter is first differenced due to non-stationarity. Hence, the magnitude of the coefficients indicates the sensitivity of the DCC against changes in the rates of return of either asset. In this respect, it may not be implausible to compare the magnitude of the coefficients between the two variables. However, in order to support further our argument, we computed the standardised coefficients, though rather in an adhoc manner, by dividing the coefficients by the mean values of the respective variables for the purpose of comparison of the size of the coefficients among these variables.
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This paper investigates the integration of sovereign CDS markets with the US market by utilising the dynamic conditional correlation technique. The estimated dynamics of the correlation demonstrate comprehensive evidence of the evolution of the integration during the US subprime-crisis period, as well as the distinctive features of the CDS market integration before and after the Lehman collapse.
We find significant dynamic correlation during the crisis, and the Lehman shock seems to have strengthened the correlation, in particular, for developed markets. The implication is that the effect of risk diversification of international debt portfolios may have been diminished, and also, that the risk premia of sovereign debts would have moved in line with that of the US market in the post-Lehman period.
The linear estimation reveals that, for both developed and emerging markets, DCC is sensitive to the lagged DCC and domestic stock returns. The most worthy of note is that declining US interest rates seem to be the main driving factor behind the higher levels of integration. Note: For the ADF test, the choice of lag length is based on Schwarz Information Criterion. The critical values at 1%, 5% and 10% significant levels are -3.47, -2.88 and -2.58, respectively. Note: In order to save spaces, only GARCH parameters are reported here. The other estimates are available from the authors upon request. The numbers in brackets are t-ratios. The critical values are 2.33, 1.96 and 1.65 at the 1%, 5% and 10% significant levels, respectively. Q and Q 2 are the Ljung-Box Q-statistics up to the 8 th orders in the standardized and the squared residuals, respectively. The critical values are 13.4, 15.5 and 20.1 at the 1%, 5% and 10% significance levels, respectively. The numbers in square brackets are the significant values. 
